In Brief Bai et al. describe yCaputoraptor elegans, an unusual insect embedded in 100-Ma-old Burmese amber. It is the only known insect with a scissor-like device formed by wing-like ridges on the posterior head and corresponding edges on the first thoracic segment. The authors assume that females used this mechanism to hold on to males during copulation.
Insects use different parts of their body to cling to mating partners, to catch prey, or to defend themselves, in most cases the mouthparts or the legs. However, in 400 million years of evolution [1, 2] , specialized devices were independently acquired in several groups to adopt these tasks, as for instance modified legs in mantids, assassin bugs or stick insects [3] [4] [5] , or clasping antennae of the globular springtails [6] . So far, no known species used the neck region between the head and thorax in one of these functional contexts. Here we describe females of yCaputoraptor elegans, a very unusual, presumably predacious insect discovered in approximately 100-million-year-old [7] Burmese amber. Based on several morphological features, we conclude that this species lived in the foliage of trees or bushes. A unique feature of the new taxon is a scissor-like mechanism formed by wing-like extensions on the posterior head and corresponding serrated edges of the dorsal sclerite of the first thoracic segment. Based on the specific structure of the apparatus, we conclude that it was probably used by females to hold on to males during copulation. A defensive or prey-catching function appears less likely. A similar mechanism did not evolve in any other known known group of extant or extinct insects.
RESULTS AND DISCUSSION
yCaputoraptor elegans Bai, Beutel et Wipfler gen. et sp. nov. is assigned to yAlienopteridae/yAlienoptera Bai, Beutel, Klass, Wipfler et Zhang, 2016 [8] . In total, nine individuals from eight amber pieces of the new species are known, representing nymphs and adult females (Table S1 ). The female holotype (IZAS-QC-2017-01) is deposited at the collection of the Institute of Zoology of the Chinese Academy of Sciences (Beijing, People's Republic of China). The paratypes are deposited in various collections (Table S1 ). All specimens come from the amber deposit in the Hukawng Valley of Myanmar, which has been estimated as ca. 99 Ma (98.8 ± 0.6) [7] . The genus name ''Caputoraptor'' refers to a unique configuration with a sharp edge of the head (Latin ''caput'') forming a jaw-like mechanism with a corresponding toothed ridge of the anterior thorax (Latin ''raptor'' = thief [also used for predaceous birds and dinosaurs]). The species name ''elegans'' refers to the slender anterior body.
Diagnosis
yCaputoraptor elegans is placed in yAlienopteridae/yAlienoptera by a combination of the following features: compound eyes large and strongly convex; pronotum with deep transverse groove on posterior third and its lateral parts bent downward to cover pleural elements; metathorax much broader than mesothorax; forewings short, sclerotized, and covering anterior part of hind wings; hind wings well-developed and surpassing tip of abdomen; pretarsal adhesive arolium large; and cerci well developed and multi-segmented. The new species can be distinguished from yAlienopterus brachyelytrus, the only other described extinct species of yAlienopteridae, by the sharp genal ridge and the corresponding serrate prothoracic edge, the rhomboid pronotum, relatively short antennae (only reaching anterior region of metanotum), long hind wings distinctly surpassing the abdominal apex and not wrapped around it, spines on the ventral surface of all tibiae, the lack of dense rows of fine setae on the front legs, and the short and stout abdomen. The wing venation of both species is apparently similar. However, in the case of yAlienopterus, it is not clearly visible. Consequently, this character system does not provide further insights.
So far, only females and nymphs of yCaputoraptor elegans are known. In principle, the adults could be females of yAlienopterus brachyelytrus, for which only males are known. However, based on numerous differences, also concerning body parts (e.g., setation of legs, shape of anterior abdomen) that are rarely (if ever) affected by sexual dimorphism, we rule out this possibility.
Description
The total length of the female adults ranges between 13.2 and 14.1 mm (Figures 1 and 2) . The maximum width is 3.8 mm at the shoulder region. The pre-abdominal body is slender, whereas the abdomen is short and broad (Figures 1, 2, 3, 4 , and S1). The cuticle is smooth on most body parts, except for the head capsule and anterior prothorax. The head is triangular in frontal view ( Figure 1C ), held vertically (orthognathous), and dominated by the large, protruding hemispherical compound eyes and three ocelli. The biting mouthparts are slender and lack distinct modifications. A conspicuous feature is the presence of distinctly protruding wing-like extensions of the gena, the lateral head region below the large eyes ( Figure 1 ). Posteriorly, they form a sharp edge ending with a pronounced tip. The joint between the head and the anterior margin of the rhomboid pronotum (dorsal sclerite of the first thoracic segment) is a narrow hinge (Figure 1B) . The lateral parts of the pronotum largely cover the sides (pleural region) of the first thoracic segment. On its dorsal side, it is divided by a deep transverse supracoxal furrow. Its anterolateral region forms a strongly toothed edge ( Figure 1 ) fitting with the wing-like extensions of the head. Two series of anteriorly directed setae are inserted between the 10-16 visible triangular teeth ( Figure 1D ), 11 long setae in an outer row (in the only adult in which they are clearly visible), and many more setae of about half length in the inner row. The pterothorax (meso-and metathorax combined) is nearly twice as broad as the prothorax, which results in a distinct shoulder region ( Figure 1B) . The three pairs of legs are similar in their armature of spines and general shape, but the hind legs are slightly larger. Distinct pad-like adhesive structures (arolia) inserted apically on the five-segmented tarsi of all legs can be lifted off the ground. The fore wings are leathery, lack distinct veins, and form short scale-like structures that cover and protect the base of the hind wings ( Figure 1B) . The network of very distinct veins of the hind wings is not fully exposed, but it resembles a typical dictyopteran pattern (Figure S2) . The apical part of the wings distinctly surpasses the abdominal apex ( Figures 1A and 1B) . The short and stout abdomen is slightly longer than wide and displays seven visible sternites ( Figure 1A) . The large terminal sternite (subgenital plate) of the female is triangular and apically pointed. Long and filiform cerci with approximately nine segments arise above the subgenital plate. Three valves of the ovipositor are visible.
Nymphs are similar to adults but lack wings or wing buds (Figure 2) . The antennae are not tapering toward the tip and are composed of fewer antennomeres. The pronounced shoulder region is missing.
Additional information concerning yCaputoraptor elegans is provided in Table S2 . Figure 3 shows a reconstruction of this species.
Systematic Placement
The cladistic analysis with 63 characters (Table S3) places yCaputoraptor elegans as sister group to yAlienopterus brachyelytrus in yAlienoptera ( Figure S2 ). We retrieve mantises (Mantodea) as the closest relatives of yAlienoptera. Together with the roaches and termites (Blattodea), they originate from a stock of extinct forms addressed as ''roachoids.'' Addressing the lifestyle and habitat preferences of extinct species is usually speculative. However, the morphology of yCaputoraptor allows several interpretations: large, pan-shaped arolia (attachment devices) between the claws at the tip of the legs are otherwise only present in the closely related extinct yAlienopterus brachyelytrus [8] , as well as in extant mantophasmatodeans and some stick insects [9, 10] . All of these species inhabit shrubs and trees and walk efficiently on smooth surfaces like leaves using their arolia. This suggests similar habitats for yCaputoraptor. This is further supported by the short and sclerotized forewings, protecting the articulation of the hind wings but leaving most of their membranous surface uncovered. A similar condition is also found in many arboreal stick and leaf insects, where the protection of the membranous hind wings against physical damage plays a minor role. This is in contrast to modern roaches or ancestral mantises, with their long leathery forewings. These species prefer narrow spaces, hiding under bark or in crevices [11, 12] . The triangular and very movable head with very large compound eyes indicates that yCaputoraptor was a predator, like the closely related praying mantises [13] , some Mesozoic ''roachoids'' [14] , and also yAlienopterus, the other known species of yAlienoptera [8] . Based on the proposed habitat, lifestyle, and size of the species, small herbivores such as aphids or scale insects that also occur in Burmese amber [15] were proposed as potential prey of yAlienopterus [8] , and the same appears plausible for yCaputoraptor.
The most striking morphological feature of yCaputoraptor is the jack-knife mechanism, with sharp edges of the posterior head fitting with toothed ridges on the anterior prothorax. Such a configuration is not known from any other fossil or extant species. Although the musculature involved in the mechanism was not preserved in the specimens of yCaputoraptor, it is likely that the two ridges interact like a pair of scissors with the lowering of the head. Since the position of the eyes suggests that the field of vision of yCaputoraptor did not include the space between the ridges, the sensory hairs (''ps'' in Figure 1D ) most likely functioned as trigger causing the cephalo-thoracic scissors to close. It is a difficult question, how and to what purpose yCaputoraptor used this unique mechanism. Presently, only females and nymphs of yCaputoraptor are known. It is conceivable that the cephalo-thoracic device was a sexually dimorphic structure of the female, used to cling to the male during copulation. Females mounting the males are known from several groups of insects, including grasshoppers, mayflies, and roaches [16] . In blattodeans, the female climbs its partner before the male establishes a firm connection between the genitalia and then moves forward, thus forcing the female to rotate at 180 [12] . As a result, the copulation is performed in an end-to-end configuration. Male roaches initiate this mounting process by stimulating the females with their antennae and by raising their wings. It appears likely that yCaputoraptor, a relatively close relative of the roaches, has shown a similar behavior. In any case, the spread forewings of the males would fit perfectly with the cephalo-thoracic scissors of the females ( Figure 4A ). These short and sclerotized structures would not be mechanically damaged between the ridges and provide a stable anchorage. Once the female achieved such a fixed position, the copulation could take place with the female on top of the male. This interpretation of the cephalo-thoracic scissor is not supported by hard evidence yet and remains speculative to a certain degree. However, it could be falsified if a male with a similar apparatus would be discovered.
A less likely function of the scissor device would be defense ( Figure 4B ). Some stick insects jam potential attackers between hind legs equipped with spikes [4] , and certain beetle pupae use sclerotized intersegmental pinching devices against predators, the so-called ''gin traps'' [17] . yCaputoraptor most likely belonged to the prey spectrum of vertebrates, spiders, and various insects, including early mantids. However, with its limited opening angle, it would not seriously affect larger or strongly sclerotized attackers. Additionally, the mechanism would not work in the case of strikes from above or behind, which apparently excludes most predators. Ground-orientated Jerusalem crickets flip on their back to defend themselves with their mandibles [18] . However, leaves, stalks, or vertical trunks, where yCaputoraptor probably moved and clung to, are unsuitable ground for such a maneuver.
In contrast to yAlienopterus, predacious roachoids, and mantids, yCaputoraptor lacked any raptorial specializations of the forelegs. On principle, it is conceivable that the cephalo-thoracic scissor was part of an unorthodox (unique) prey catching mechanism ( Figure 4C ). However, this mechanism has a limited opening angle (shown in Figure 1D ) and no range extension, as it is the case with the raptorial forelegs of mantises. Moreover, closing was very likely triggered by the sensory hairs on the prothoracic ridge. This would imply that yCaputoraptor had to move over potential prey before jamming it between the scissors. It is apparent that only small, weakly sclerotized, and slow-moving insects would have been suitable. However, such prey, like for instance aphids, could have been easily caught and processed with the mandibles. Therefore, a raptorial function of the scissors appears unlikely.
Without observations of fossils ''caught in the act'' and anatomical data, the function of the cephalo-thoracic apparatus remains debatable. However, based on its shape and orientation (and the presence in the female), it appears most plausible that it was used to cling to the male during copulation. Insects are the most diverse lineage of organisms on this planet [19] , with countless structural adaptations in different functional contexts. However, a similar cephalo-thoracic scissor device did not evolve (or re-evolve) in any other known extinct or extant group. 
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EXPERIMENTAL MODEL AND SUBJECT DETAILS
Nine specimens in eight pieces of amber represent different life stages of yCaputoraptor elegans. All were obtained from an amber deposit in the Hukawng Valley of Myanmar. The Talbe S1 provides an overview of the type material including their accession numbers, sex, developmental status and deposit. The age of the amber has been estimated as ca. 99 Ma (98.8 ± 0.6; earliest Cenomanian) based on U-Pb dating of zircons from the volcanoclastic matrix of the amber [7] . The mining locality is at Noije Bum, near Tanai Village (26 21'33.41''N, 96 43'11.88''E) [7] . The deposit has been investigated and dated in detail by Shi et al. [7] . To get a better view, certain pieces were trimmed and polished.
METHOD DETAILS Photographs
Specimen BU-002371 and BU-002301 were documented with a Canon EOS 70D camera equipped with Canon MP-E 65 mm objective and Canon Twin Flash MT-24. Objective and flashes were equipped with polarization filters (cross-polarized light) to reduce reflections and enhance color contrast. To overcome limited depth of field and limitations of field of view, several adjacent image stacks were recorded and fused with Combine ZP and Photoshop CS4. Additional images were recorded with a Keyence BZ-9000 epifluorescence microscope (2x and 4x objective). The amber pieces were illuminated with blue light (488 nm), using the auto-fluorescence capacities of the specimens. All other specimens were documented with a LEICA MZ 12.5 dissecting microscope with a drawing tube attachment. Photographs were taken using a Canon digital camera (5D Mark III, MP-E 65MM F/2.8 1-5X) fitted to a macro rail (Cognisys). All images were processed in Helicon Focus 5.1 software and lastly Adobe Photoshop CS5 and Adobe Illustrator CS5 to arrange the images in plates and label them.
3D data collecting and reconstruction Specimens were scanned with different m-Ct devices. Table S4 provides a table with the overview over the scans including their parameters. However, all scanned animals had extremely dense material in their head capsules which strongly affected the scans and resulted in unresolved outlines of the animal in the cephalic and thoracic area. Thus CT-scanning only provided suitable imagery for the abdomen ( Figure S2 ). Based on the obtained image stacks, the abdomen including the female genitalia was reconstructed and separated with Amira 5.4 (Visage Imaging, San Diego, USA). The subsequent volume rendering and animation were performed with VG Studiomax 2.1 (Volume Graphics, Heidelberg, Germany). Final figures were prepared with Photoshop CS5 (Adobe, San Jose, USA) and Illustrator CS5 (Adobe, San Jose, USA).
Clay model reconstruction
Based on the available data, we created a model of yCaputoraptor with ROMA Plastilina No2 reinforced with aluminum wires. Pictures of the clay model and a twig with aphis on it were taken. They were combined and colored in Adobe Photoshop CS5.
QUANTIFICATION AND STATISTICAL ANALYSIS
We included the data for yCaputoraptor elegans into the data matrix coded by Bai et al. [8] . Table S3 contains this data matrix for all studied specimens. We performed a cladistics analysis with Nona / Winclada (Ratchet: 1000 iterations) [20] . Our analysis resulted in a single most parsimonious tree with 109 steps ( Figure S2 ; Ci: 60; Ri: 81).
